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•  Advances	
  in	
  Forecas?ng	
  
•  Considering	
  Climate	
  	
  
•  Airborne	
  Dust,	
  Human	
  Health	
  &	
  Public	
  Health	
  Services	
  
•  Paths	
  to	
  Address	
  an	
  Ignored	
  &	
  Growing	
  Problem:	
  

–  The	
  World	
  Meteorological	
  Organiza?on	
  Sand	
  &	
  Dust	
  
Storm	
  System	
  

– A	
  Pan-­‐American	
  Center,	
  a	
  Federated	
  Node	
  for	
  
Contribu?ng	
  Data,	
  Knowledge	
  &	
  Tools	
  to	
  Advance	
  
Science	
  &	
  to	
  Speed	
  &	
  Expand	
  Applica?ons	
  	
  



Phoenix,	
  July	
  5th,	
  2011	
  

Predic?ng	
  Airborne	
  Desert	
  Dust	
  
William	
  A.	
  Sprigg	
  

Chapman	
  University	
  &	
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  University	
  of	
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Dust	
  Regional	
  Atmospheric	
  Model	
  
DREAM	
  4-­‐8	
  par?cle	
  bins	
  

•  Model	
  predic+ons	
  (72-­‐h):	
  
•  	
  Horizontal	
  distribu?on	
  	
  

–  Surface	
  concentra?on	
  	
  
–  Total	
  column	
  mass	
  (dust	
  load)‏	
  
– Wet,	
  dry,	
  total	
  deposi?on	
  
– Meteorological	
  variables	
  

•  	
  Ver?cal	
  distribu?on	
  
–  	
  Concentra?on	
  
–  	
  Cross	
  sec?ons	
  
–  	
  Fixed	
  point/?me	
  profiles	
  

•  	
  Fixed	
  point	
  (selected	
  sites/ci?es)‏	
  



MODEL SYSTEM 
  DREAM (in-line) driven by NCEP/Eta or NCEP/NMM 
  
 
VARIABLE INPUT DATA 
  NCEP or ECMWF global weather (initial & boundary 
conditions)  
  
 
(SEMI) PERMANENT INPUT DATA 
  soil and land cover 
  
  
DUST PRODUCTION FACTORS:  

 soil structure  vegetation cover  

 soil moisture  atmospheric turbulence 



Large	
  domain:	
  	
  
W95.6-­‐W122.4	
  ;	
  N24.3-­‐N45.7	
  
resolu?on:	
  50	
  km	
  

Small	
  domain:	
  	
  
W104-­‐W116	
  ;	
  N30-­‐N40	
  	
  
resolu?on:	
  7.5	
  km	
  and	
  3.7	
  km	
  

DREAM	
  domains	
  &	
  resolu+ons	
  

Resolution is important 



Comparison	
  of	
  the	
  Olson	
  World	
  Ecosystem	
  (OWE)	
  barren	
  category	
  (lee)	
  with	
  
MOD12Q1	
  barren	
  categories	
  in	
  the	
  DREAM/SW	
  domain	
  (right).	
  	
  

Terra	
  MODIS	
  image,	
  15	
  
December,	
  2003.	
  The	
  bright	
  
circular	
  spot	
  at	
  lee-­‐center	
  is	
  
White	
  Sands	
  Na?onal	
  
Monument.	
  



Hindcas+ng	
  Dust	
  Storms	
  	
  
15	
  –	
  16	
  December	
  2003	
  Dust	
  Storm	
  

Hindcast	
  OLSON	
  &	
  ETA	
  	
   Hindcast	
  MODIS	
  &	
  NMM	
  	
  

•  Olson	
  Land	
  Cover	
   •  MODIS	
  Land	
  Cover	
  

Hindcast	
  MODIS	
  &	
  ETA	
  	
  	
  



Modeled	
  and	
  Measured	
  PM2.5	
  Concentra?ons	
  at	
  Odessa,	
  
Texas,	
  Dec.	
  15,	
  2003	
  

	
  (L)	
  with	
  Olsen	
  land	
  surface	
  data;	
  (R)	
  with	
  NASA	
  
MODIS	
  land	
  data:	
  measured	
  (dots)	
  	
  modeled	
  (solid	
  
lines)	
  N.B.	
  different	
  scales	
  



For	
  numerical	
  simula+on	
  

The	
  dust	
  mask	
  is	
  drawn	
  from	
  NASA	
  satellite	
  
observa?ons:	
  
	
  
• 	
  MCD12Q1:	
  bare	
  +	
  cropland	
  (MODIS	
  Aqua	
  +MODIS	
  
Terra)	
  

	
  -­‐	
  annual	
  land	
  cover,	
  last	
  available	
  for	
  2009	
  
• 	
  MOD13A1:	
  NDVI	
  (MODIS	
  Terra)	
  

	
  -­‐	
  updated	
  every	
  16	
  days	
  
	
  
Cropland	
  is	
  updated	
  when	
  NDVI	
  >	
  0.25	
  	
  
	
  



MCD12Q1	
  
	
  
barren	
  land	
  cover	
  
2009	
  vs.	
  2005	
  

gray:	
  
both	
  barren	
  
	
  
yellow:	
  
2005	
  barren	
  
2009	
  not	
  barren	
  
	
  
red:	
  
2005	
  not	
  barren	
  
2009	
  barren	
  



MCD12Q1	
  
	
  
barren	
  land	
  cover	
  
2009	
  vs.	
  2005	
  

gray:	
  
both	
  barren	
  
	
  
yellow:	
  
2005	
  barren	
  
2009	
  not	
  barren	
  
	
  
red:	
  
2005	
  not	
  barren	
  
2009	
  barren	
  



Case	
  Study	
  
5	
  JULY	
  2011	
  

	
  
CALIFORNIA	
  
	
   	
  	
  	
  	
  MEXICO	
  	
  
	
   	
   	
  	
  	
  	
  ARIZONA	
  	
  	
  

	
   	
   	
   	
  PHOENIX	
  	
  
	
   	
   	
   	
   	
   	
  NEVADA 	
   	
  	
  
	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  UTAH	
  	
  
	
   	
   	
   	
   	
   	
   	
   	
  	
  
	
   	
   	
   	
  	
  



Na+onal	
  
Weather	
  
Service	
  
July	
  2011	
  
Summary	
  

Monsoon	
  ac?vity	
  began	
  in	
  Arizona	
  …	
  following	
  a	
  period	
  of	
  drought.	
  Strong	
  thunderstorm	
  downdraPs	
  kicked	
  
up	
  dry,	
  loose	
  sand	
  forming	
  a	
  dust	
  storm	
  5,000	
  feet	
  (1500	
  m)	
  deep	
  moving	
  at	
  up	
  50	
  mph	
  (80	
  kph)	
  and	
  100	
  
mi	
  (161	
  km)	
  long	
  on	
  its	
  leading	
  edge.	
  The	
  dust	
  storm	
  traveled	
  150	
  to	
  200	
  miles	
  (241	
  to	
  322	
  km)	
  from	
  
Tucson	
  to	
  Phoenix.	
  Visibility	
  was	
  reduced	
  to	
  between	
  0	
  and	
  5	
  feet	
  (1.5	
  m)	
  causing	
  flight	
  delays	
  and	
  interrup?ng	
  
ground	
  travel.	
  Trees	
  and	
  power	
  lines	
  were	
  knocked	
  down	
  but	
  no	
  injuries	
  were	
  reported.	
  Numerous	
  videos	
  captured	
  
this	
  visually	
  arres?ng	
  event.	
  	
  

	
  N.B.	
  ..	
  NM	
  had	
  its	
  driest	
  June	
  on	
  record.	
  AZ	
  its	
  4th	
  driest.	
  	
  	
  



Simula?ons:	
  
	
  
Dust	
  storm	
  evident	
  at	
  0200h	
  (UTC)	
  July	
  6th	
  2011;	
  6PM	
  (PST)	
  on	
  5	
  July	
  2011	
  in	
  Phoenix	
  
Phoenix	
  	
  (PST)	
  is	
  8	
  hours	
  behind	
  London	
  (UTC)	
  
Model:	
  DREAM	
  with	
  NMM	
  atmospheric	
  driver	
  
Simula?on:	
  start	
  at	
  July	
  5th	
  2011	
  00UTC	
  +48h	
  “forecast”	
  
Moderate	
  Resolu+on	
  Imaging	
  Spectroradiometer	
  (MODIS)	
  	
  

MODIS	
  Combined	
  Data	
  
Resolu?on:	
  3.7	
  km	
  
Mask:	
  MCD12	
  2009	
  +	
  
NDVI	
  04	
  July	
  2011	
  
	
  



1400	
  PST	
  

1300	
  PST	
  



1600	
  PST	
  

1500	
  PST	
  



1800	
  PST	
  

1700	
  PST	
  



1900	
  PST	
  -­‐	
  AZ	
  ?me	
  



2000	
  PST	
  -­‐	
  AZ	
  ?me	
  



2100	
  PST	
  -­‐	
  AZ	
  ?me	
  



2200	
  PST	
  -­‐	
  AZ	
  ?me	
  



2300	
  PST	
  -­‐	
  AZ	
  ?me	
  



0000	
  PST	
  -­‐	
  AZ	
  ?me	
  



1900	
  PST	
  

2000	
  PST	
  

2100	
  PST	
  

2200	
  PST	
  

Concentra?on	
  (µg/m3	
  )	
  	
  

1800	
  PST	
  

1700	
  PST	
  



Concentra?on	
  (µg/m3	
  )	
  vs	
  Time	
   Concentra?on	
  (µg/m3)	
  vs	
  Height	
  



2100	
  PST	
  	
  

~2000m	
  

Concentra?on	
  (µg/m3	
  )	
  	
  



2100	
  PST	
  

~200m	
  

Concentra?on	
  (µg/m3	
  )	
  



Model	
  Verifica+on	
  
PM	
  measurements	
  –	
  we	
  have	
  Pima	
  County	
  
(problem:	
  need	
  hourly	
  Pinal	
  &	
  Maricopa	
  coun?es’	
  data)	
  
	
  
Wind	
  measurements	
  –	
  AZMET	
  available	
  
(problem:	
  need	
  hourly	
  data	
  but	
  only	
  hourly	
  max	
  and	
  
averages	
  available)	
  



Dust	
  28-­‐hour	
  “forecast”	
  showing	
  haboob	
  –	
  
6	
  km	
  horizontal	
  resolu+on	
  

Wind	
  magnitude	
  and	
  stream	
  func+on	
  -­‐-­‐	
  
3.5	
  Km	
  Horizontal	
  resolu+on	
  

Forecast	
  Diagnos+cs: 	
  Wind	
  



15-­‐16	
  February	
  2006	
  	
  

	
  
	
  
	
  

SOUTHWEST	
  UNITED	
  STATES	
  



Interstate-8 in Stanfield, Arizona

0

200

400

600

800

1000

1200

1400

2/14/06 0:00 2/14/06 12:00 2/15/06 0:00 2/15/06 12:00 2/16/06 0:00 2/16/06 12:00 2/17/06 0:00
local time 

P
M

10
, m

ic
ro

gr
am

 p
er

 c
ub

ic
 m

et
er

 a
ir

Observed (Pinal County DEQ)

Modeled / OWE Land Use Data

Modeled / MODIS Land Use Data



22	
  DECEMBER	
  2009	
  	
  

	
  
	
  
	
  

SOUTHWEST	
  UNITED	
  STATES	
  



Aqua	
  MODIS	
  IR;	
  22	
  Dec.	
  ‘09	
  	
  20UTC	
  	
  	
  

Dust	
  Storm	
  Forecast	
  49	
  hrs	
  (L)	
  50	
  hrs	
  (R)	
  _	
  22	
  December	
  2009	
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Phoenix,	
  Monday	
  Evening,	
  July	
  18,	
  2011	
  
Dust	
  wall	
  3,000	
  feet	
  high;	
  winds	
  25	
  to	
  40	
  mph	
  

AP	
  Photo/The	
  Arizona	
  Republic,	
  Nick	
  Oza	
  

Modeling	
  Airborne	
  Desert	
  Dust	
  
A	
  Proxy	
  for	
  Cocci:	
  Airborne	
  Dust	
  



Valley	
  Fever	
  Endemic	
  Zone	
  

 Hector and Laniado-Laborin, 2002 Andrew Comrie, 2000 



Reported	
  Valley	
  Fever	
  	
  

Courtesy: Infectious Disease Epidemiology 

*	
  

*	
  2011	
  extrapolated	
  from	
  week	
  39	
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VF	
  in	
  Maricopa	
  Cumula+ve	
  

Maricopa	
  2011	
  

Maricopa	
  2010	
  

July	
  5th	
  Haboob	
  



MCD12Q1	
  
	
  
for	
  2009	
  
(last	
  available)	
  
	
  
land	
  cover	
  types:	
  
	
  
gray	
  –	
  barren	
  
	
  
green	
  –	
  cropland	
  	
  
	
  
	
  



Phoenix,	
  Arizona,	
  Tuesday,	
  July	
  5,	
  2011	
  
AP	
  Photo/The	
  Arizona	
  Republic,	
  Rob	
  Schumacher	
  

PATHWAYS TO ADDRESS AN IGNORED & GROWING PROBLEM 
William A. Sprigg 
Chapman University  



Desert	
  Dusts	
  Travel	
  the	
  World	
  

Satellite-derived Aerosol Optical Depth Over Several Days 
in April 2001  (a NASA composite) 



Regional	
  Centres	
  

  

East Asia 
Centre 

Pan-Am 
Centre 

Med Centre 

Map by Encarta 

Hubs for Collaboration 



	
  
A Pan-American Center for the World Meteorological Organization	
  

Sand and Dust Storm System	
  
	
  

Phoenix, Arizona -- 5 July 2011 



	
  
A Pan-American Center for the WMO 

Sand and Dust Storm System 

Opportunity:	
  	
  
•  WMO	
  Request	
  
•  History	
  with	
  Sand	
  &	
  Dust	
  Storm	
  Program	
  
•  Growing	
  Capability	
  
•  Agency	
  Sign-­‐On	
  	
  
Significance:	
  
•  Visibility	
  &	
  	
  Access	
  
•  Educa?on	
  
•  Veteran	
  Health	
  &	
  Safety	
  
•  Cardiovascular	
  &	
  Respiratory	
  Health	
  
•  Highway	
  &	
  Airway	
  Safety	
  
•  Water	
  Resources	
  
•  Fishery	
  Sustainability	
  
•  Improved	
  Weather	
  Forecasts	
  
•  Understanding	
  Climate	
  



A tmospheric	
  
Observa tions
& 	
  M odeling

R outine
P roducts

Satellite storm tracking 
Experimental Forecasts

Surface	
  Source
M apping	
  & 	
  M onitoring

Critical Sources

Client
Practitioner, Teacher, Manager, Policy Maker

Region>Country>State>Community
Air Quality, Safety

Administra tion
E duca tion , 	
  Computer 	
   Opn’s

Communica tions	
  & 	
  I nforma tion	
  
Public, Private & Media   

I nterna tional	
  Outreach

Focus on Health

The Pan-American Center for the World Meteorological 
Organization	
  

Sand and Dust Storm System	
  

GEONETCast 

Public 
Access 



Membership 
 

Visibility  
 

Access 

Interna?onal	
  
• WMO,	
  WHO,	
  WCRP,	
  ACE-­‐Asia	
  …	
  

North,	
  Central,	
  South	
  America	
  
• PAHO,	
  weather	
  services	
  …	
  

U.S.	
  
• NOAA,	
  CDC,	
  NIEHS,	
  DOD,	
  NASA,	
  EPA,	
  DOT,	
  USDA,	
  USGS	
  

US	
  West/Southwest	
  
• State	
  offices	
  of	
  AQ,	
  Health,	
  Transporta?on,	
  Water	
  Resources	
  

California	
  
• Health,	
  Transporta?on	
  Safety,	
  AQ,	
  Water	
  Resources,	
  Disaster	
  Management,	
  Fisheries	
  

Orange	
  County	
  
• Community	
  Service:	
  Interna?onal	
  Visitors,	
  Seminars,	
  Business	
  Networking	
  

Chapman	
  University	
  
• Educa?on	
  

Gain from Investment  



•  NASA/MSFC ? 
•  NASA/JPL ? 
•  Navy MRL 
•  Naval War 

College 
•  USGS 

•  NWS/NCEP 
•  NOAA/OAR 
•  NOAA/NCDC 
•  Environment 

Canada 
•  Collaborating 

Universities  

Pan-Am Centre Partners  
 

 
 

 WMO & Sister Centers: Barcelona & Beijing 
 

  
sprigg@chapman.edu 



Thank	
  You	
  

sprigg@chapman.edu 


